Editorial
The cerebral cortex is exquisitely sensitive to hypoxia with relatively moderate reductions in 02 tension resulting in a spectrum of central nervous system-related symptoms ranging from impairment of higher cognitive functions to complete silencing of the electroencephalogram (1, 2) . An obvious issue in interpreting this loss of neuronal activity is whether neuronal failure is caused by a limitation ofenergy substrates or is an adaptive process ofneurons to reduce metabolism in the face of limited oxygen supply. Reducing neuronal metabolism by stabilizing membrane potential and decreasing the production of action potentials would provide the brain with a process designed to limit the use of metabolic substrates to that necessary for maintenance of cellular integrity and thus extend the time to which neurons can be exposed to hypoxia without resultant cellular damage. The elegant study by Cummins et al. (3) in this issue of The Journal makes a strong case that this strategy is employed by human cortical neurons during anoxia.
But how is this adaptive strategy implemented? Studies of hypoxia in vivo and in vitro have suggested two major mechanisms, short of depolarization blockage, for reducing neuronal membrane excitability. First, there is evidence that changes in the metabolism, release, and/or reuptake of both excitatory and inhibitory neuroeffectors produce an increased extracellular concentration of inhibitory neurornodulators (for review, see reference 4). At the same time, direct effects of anoxia on the membrane conductance ofpotassium have been correlated with reductions in postsynaptic excitability of hippocampal neurons (5). The study by Cummins et al. (3) demonstrates that a reduction in sodium conductance is also an important factor in reducing excitability of cortical neurons during anoxia. It is interesting that both the potassium and sodium channel effects seem to be dependent on ATP. While a decrease in ATP during hypoxia seems obvious, previous studies (6) were unable to detect any reduction in the levels of high energy phosphates in the cortex even with severe hypoxia. This observation has been challenged by Lipton and Whittingham (5) who found localized reductions in ATP levels in synaptic regions of the hippocampus during anoxia, suggesting an activity-dependent loss of ATP and a feedback mechanism capable of modifying potassium conductance to reduce activity. Thus, the proposal by Cummins et al. (3) that the change in sodium inactivation during anoxia is linked to cellular metabolism through decreases in ATP would provide a reasonable mechanism for mediating reductions in neuronal excitability during anoxia. It is likely that, in conjunction with enhanced inhibitory neuromodulation and reductions in potassium conductance, a diminished sodium current during hypoxia is another important mechanism involved in mediating depression of neuronal activity in the intact nervous system.
The physiological and clinical relevance of reduced neuronal excitability during hypoxia can not be overstated. The key to surviving the detrimental effects of hypoxia is critically linked to an ability to maintain the integrity oftransmembrane ionic gradients (7) . Cellular metabolic mechanisms that promote membrane hyperpolarization, reductions in ionic conductance, and a decrease in basal activity, will minimize the effect ofhypoxia at the cellular level. Ultimately, this reduction in neuronal metabolism might subserve a protective function by limiting motor activity and thus preserving 02 stores in the whole organism. This survival strategy has been proposed to take place even in the brain stem neurons involved in generating respiration (4), suggesting that neuronal survival is of the highest priority. 
